Introduction
To deposit titanium films, samples were positioned on an isolated alumina disc totally enclosed in a metallic cage. This technique is known as cathodic cage deposition which ensures that plasma acts on the cage and not on the samples surfaces eliminating problems inherent in conventional nitriding [1] [2] [3] [4] . It also allows the treatment of metallic and insulating materials, as well as the deposition of layers on different substrates. This technique uses the hollow cathode effect 5 which occurs in the holes of the metallic cage to increase the efficiency of the treatment, thus making it possible to obtain different layers on any kind of substrate, based on the material of the cage as well as the gaseous mixture used. This technique, developed in our laboratory, was used very successfully in different studies 1, 4, 6 . Depending on the treatment temperatures used the cathodic cage films obtained by this process exhibit great uniformity, roughness control and crystallinity. The great advantage of this process is that it is very versatile, simple and low cost.
Titanium nitride (TiN) produces a large increase of surface micro-hardness in materials, besides reducing the friction coefficient, providing a huge increase in the lifetime of components and tools employed in metal mechanical industry.
Due to its importance, a great number of techniques was used to produce TiN films, as dip-coating, sol-gel, thermal oxidation, electron beam, sputtering, CVD, PECVD, MOCVD, BEM. In conventional deposition processes, the pressure is very low, about 10 -3 mba [7] [8] [9] [10] . Thin films of Titanium oxide (TiO) and Titanium dioxide (TiO2) have received a great deal of attention worldwide due to their numerous applications in several fields, mainly because of properties such as chemical stability, low toxicity, relatively low cost, high refractive and permittivity index, broadband valence, good chemical stability and high transmittance 1, 2, 4, 9 . These films crystallize in phases such as anatase, bruquita and rutile, and depending on the relationship between these phases as well as the thin film formed, quite different properties are presented. Many studies have focused on the dependency of relationships between different phases on preparation methods and deposition parameters. Each one of these phases has its own intrinsic properties leading to different applications. Thin nitride and titanium dioxide films were produced using an innovative technique called cathodic cage depositon. Uniformity, three-dimensionality and high rate deposition are some of the advantages of this technique. In this study we discuss the influences of temperature, treatment time and gaseous atmosphere on the characteristics of the deposited films. The TiN (titanium nitride) and TiO 2 (titanium dioxide) films were produced using a high deposition rate of 2,5 µm/h at a work temperature and pressure of 400°C and 150 Pa respectively. EDS technique was used to identify the chemical composition of the thin film deposited, whilst Raman spectroscopy indicated the phases present confirmed by DRX analysis. The thickness of the deposited films was studied using electron microscopy scanning. The results based on the deposition parameters confirm the great efficiency and versatility of this technique, which allows a uniform three-dimensional film deposition on any material without the appearance of stress. Compared to other techniques, cathodic cage deposition enables deposition at lower temperatures and higher pressures.
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one of the best photocatalysts with remarkable activity and non-toxic properties 10 . It is also used in photochemical solar cells 2 and as gas sensors 6 . Photons with energy equal to or higher than its gap (~3,2 eV) are capable of triggering photo activation in TiO 2 which creates electron pairs/holes in the conductive (BC) and valance (BV) bands of TiO 2
10
. Rutile, another structural phase of TiO 2, has high resistivity and high dielectric constant, and is used in the manufacture of capacitors in microelectronic devices. Rutile is also an important biocompatible material 11 . Many methods have been employed to deposit thin TiO 2 films. Among these are the Ti(OiPr) 4 hydrolysis sol-gel method, followed by 500 -600 ºC calcination, chemical vapor deposition (CVD), physical vapor deposition (PVD), chemical bath deposition (CBD), reactive cathode pulverization and atomic layer deposition (ALD) [12] [13] [14] . Chemical vapor deposition assisted by plasma (PECVD) has also been used to grow TiO 2 films on a great variety of substrates 15 .
In this study we discuss the influences of temperature, treatment time and gaseous atmosphere on the characteristics of the deposited films.
Material and Methods
Thin film deposition was performed using conventional nitriding equipment with the addition of a double cathodic cage. For deposition, a continuous high voltage DC source (1500 V, 2 A), as well as an austenitic stainless steel cylindrical vacuum chamber (30 cm in diameter and 40 cm in height), (Figure 1 ) were used. The sample was placed on an insulating alumina disc (Figure 1 ). Plasma was produced in the cathodic cage, which works as a hollow cathode (the wall chamber is the anode) and not directly on sample surfaces, which remain as a floating potential positioned on an insulating surface.
Glass samples measuring 20 mm × 20mm × 2 mm were submitted to a cleaning process of firstly, a KOH solution followed by a HNO 3 solution and secondly, to an ultrasonic bath with acetone, before being positioned in the reactor for deposition. The Glass is common composed by 72% silica dioxide (SiO2), 14% Sodium oxide (Na2O); 9% Calcium Oxide (CaO); 4% Magnesium Oxide (MgO); 0,7% Aluminium Oxide (Al2O3) and 0,3% Potassium Oxide (K2O). For deposition, a double cathodic cage was used to increase the rate of deposition. The cages, comprising of two concentric cylinders (outer and inner), were manufactured from a 2 mm thick grade 2 titanium sheet. The outer cage measured 75 mm × 55 mm (diameter and height), and the inner cage measured 45mm × 35 mm (diameter and height). The walls of the cages were punctured with 8 mm diameter, 9 mm equidistant holes. The cages were then sanded, polished and plated with a solution containing 50 ml of HNO 3 , 25 ml of HF and 425 ml of water in a Sonic-Teck ultrasonic cleaning instrument for 10 minutes. Finally the cages were washed in acetone and dried using a common dryer, Figure 1 . The samples were positioned in the inner cage. The shortest distance between the samples and the wall was 25 mm. An insulating disc was placed between the cathode and the samples to maintain same in floating potential.
The chamber was cleaned firstly with an argon injection and subsequently by evacuation process. This operation was repeated twice. Prior to deposition, sample surfaces underwent pre sputtering to remove oxides. After cleaning, the deposition process was initiated under the following conditions:
TiN deposition: Phase composition and texture were analyzed using Raman Spectroscopy (laser 785 -Perkin Elmer) and X-Ray Diffraction (DRX) techniques. Raman Spectra were obtained using a mono grade Bruker Senterra spectrometer equipped with a charge-coupled device as well as a detection system (CCD). A solid state 785 nm laser was used for excitation. The lens of an Olympus microscope with a focal distance of f = 20,5 mm and numerical gap of Na = 0,35 was used to focus the laser beam on the sample surface. Gaps in the spectrometer were created to obtain a 3 cm -1 resolution. The laser power was approximately 25 mW on the sample surface and the recording time was 20 seconds with twenty accumulations.
DRX analyses described were performed using Cu Kα lines with a wave length of 0.154 nm operated in a 40 KV Shimadzu model XRD-6000 X-ray diffractometer. To observe the morphology of the nitrited layer, an Olympus BX60M microscope, coupled with a digital camera, and Image Pro Plus software were employed.
Layer thickness was observed through electronic scanning microscopy. A Shimadzu electronic microscope, model SSX-550, coupled with EDS, was used to identify the chemical composition of deposited film, as well as visualize and measure deposited nitrited layer thickness on cross sectional cuts of nitrited samples.
Results

Titanium nitride deposition
The Raman pattern shown in Figure 2 indicates typical titanium nitride films deposited on glass samples under all treatment conditions using a double titanium cage. The 210, 302 and 568 cm -1 peaks observed in the spectra relate to transverse acoustic (TA), longitudinal acoustic (LA) and transverse optical (TO) modes respectively and refer to the first order Raman vibration. Figure 3 shows X-ray diffraction patterns of thin films deposited on glass samples, using a double titanium cage, at varied temperatures and treatment times. Under all treatment conditions, diffraction patterns confirm the deposition of titanium nitride film, as already observed in Raman spectroscopy.
The EDS spectra, Figure 4 , shows the chemical composition of the deposited films on glass samples, using a double titanium cage, at variable temperatures and times. In these spectra, the percentage of titanium in all deposited surface samples is highlighted. Figure 5 presents X-Ray diffraction patterns of the titanium dioxide films deposited on glass substrates, highlighting the phases present on film surfaces, using a double titanium cage and employing varied temperature, time and gas mixture conditions.
Deposition of titanium dioxide
The electronic scanning microscope and atomic force microscope images shown in Figure 6 present films deposited on glass samples under the following deposition conditions: double titanium cages, work temperature of 370°C, deposition time of 2,5 h, gas mixture of 06 sccm H 2 + 06 sccm Ar + 03 sccm O 2 . The images have been magnified 5000X (Figure 6) .
The X-ray diffraction patterns shown in Figure 7 indicate the phases present on dioxide titanium surface films deposited on glass using double titanium cage at varied temperature and time conditions.
The Raman patterns shown in Figure 8 indicate the phases present on double cage film deposited on glass samples at 350°C and two different gas mixtures: a) 06 sccm H 2 + 06 sccm Ar + 03 sccm O 2, and b) 09 sccm H 2 + 06 sccm Ar + 03 sccm, with 4 hour and 6 hour treatment times for both conditions. In samples with a 4 hour deposition time the presence of TiO 2 with a mixed phase containing rutile and a small percentage of anatase (bandwidths of 154, 249, 412 and 600 cm -1 ) was observed on samples deposited with a gas mixture of 06sccm H 2 + 06 sccm Ar, and a pure anatase phase (bandwidths 145, 395 552 e 635 cm -1 ) with decreasing argon gas to 03 sccm, indicating that an increase in argon flux leads to a faster transition to rutile phase. In samples with a 6 hour deposition time, a TiO 2 single phase can be observed in rutile form (bandwidths 154, 259, 414 e 605 cm -1 ) confirmed mainly by the bandwidths displacement of aproximately 145 cm -1 to 154 cm -1 . Another fact that proves the rutile phase formation is the reduction in band intensity, proving a full phase transition from anatase to rutile due to longer deposition time, independent of argon proportion used.
The Raman pattern shown in Figure 9 indicates the results of the 2 hour deposition time, 06 sccm H 2 + 06 sccm Raman patterns in Figures 8 and 9 verify the alteration in film structure from anatase phase to rutile phase due to the different parameters used during deposition. In the 350°C and 6 hour deposition time scenario, formation of pure rutile phase, independent of argon content, was observed. However, the reduction of deposition time to 4 hours resulted in the formation of TiO 2 in anatase + rutile mixed phase, whilst a decrease in argon from 06 sccm to 3 sccm resulted in pure anatase phase formation. It was also possible to obtain a pure rutile phase reducing deposition time to 2 hours, increasing temperature to 400°C, and at a 6 sccm argon flux. Reducing temperature by 30°C produced a mixed anatase and rutile phase. Therefore, we can state that deposition parameters can influence the deposited TiO 2 phase, contributing significantly to the formation of the distinct phases observed.
Conclusion
The cathode cage nitriding technique consists of a hybrid process of diffusion and deposition. The deposition process is proven by film deposition on glass samples where there is no diffusion.
This technique enables a deposition at elevated pressures of 150 Pa which would otherwise not occur in known thin film deposition techniques.
Deposited samples generated using 150 Pa, varied temperature and treatment time conditions, and N 2 /H 2 atmosphere, showed a thin film of TiN whilst a TiO 2 film was generated using the same conditions and H 2 /Ar/O 2 atmosphere. Film deposition was confirmed through DRX and Raman techniques, thus proving the efficiency and versatility of this deposition technique.
Anatase phase transition to rutile is supported by increasing temperature, higher deposition times and higher argon fluxes. Therefore, it is possible to control the phases present on deposited film in accordance with the treatment parameters utilized. Ar + 03 sccm O 2 gas mixture scenario. Sample A -03 (at 370°C) shows the formation of anatase and rutile mixed phase in the sample due to the presence of a strong intensity 154 cm -1 bandwith. Sample A -02 indicates TiO 2 production in a single rutile phase and at a shorter deposition time compared to the samples showed in Figure 8 , but with an increase in temperature to 400ºC. This phase is explained by the decreased intensity of the band at 154 cm -1 .
